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Introduction.
With the growing pressure on resources and the growing environmental crisis, developing renewable energy to replace conventional fuel energy is now considered to be an essential technical issue. 1, 2 Rechargeable lithium-ion batteries (LIBs), due to their low cost, long cycle life, and lack of any memory effect, are expected to be widely used in new diverse applications, such as smart grids, electric or hybrid electric vehicles, and stationary energy storage. 3, 4 Their further development has been limited, however, by their low energy density and their high cost of cathode material. Lithium-excess manganese oxide layered structures,
represented by the chemical formula xLi 2 MnO 3 ·(1-x)LiMO 2 (0 < x < 1, M= Ni, Co, Mn), have undergone a flurry of research as cathode candidates owing to their high specific capacity (> 200 mAh g -1 ) and high operation potential (> 3.5 V vs. Li/Li + ), as well as their low cost and high energy density (> 900 Wh/kg). 5, 6 Electrodes comprising hierarchical architectures with hollow interiors exhibit outstanding electrochemical performances owing to the shorter paths for electron transport and Li + diffusion, the larger electrode-electrolyte contact area for Li + flux across the interfaces, and the more stable structural integrity due to their ability to alleviate the mechanical strain induced by volume changes during the repeated Li + insertion/extraction processes. [6] [7] [8] [9] [10] [11] [12] The conventional methods such as hard templating, soft templating, and template-free synthesis have been proven to be effective approaches to hollow structures in solution chemistry. 13 They were not applicable to the layered oxide cathode, however, since it required a high-temperature treatment to obtain the layered phase. Thus, it remains a challenge to develop a general strategy that allows morphology-controlled preparation of uniform hollow lithium-excess manganese-based electrode materials for LIBs with high performance. In-situ 24 The Ni 2p XPS spectrum in Figure 6d shows that the most intense Ni 2p 3/2 peak is located at 854. The rate capability of the cathode material is an important performance indicator for gridscale electricity storage and electric vehicle applications. Figure 9 shows the rate capabilities of LNCM−1, LNCM−2, and LNCM−3 from the 0.25 C to the 5 C rate. The LNCM−2 electrode was clearly superior by comparison in both rate capability and specific capacity.
The test began with the current density of 0.25 C, where the discharge capacity of the LNCM−2 electrode was consistently ∼255 mAh g −1 for the first five cycles. When the current density was increased in steps to 0.5, 0.75, 1.0, and 2.0 C, the capacity decrease was very small for a battery material. Even after a 20-fold increase in the discharge rate to 5 C, a discharge capacity of ∼191 mAh g −1 or 75% of the capacity at 0.25 C (255 mAh g −1 ), could still be retained. The discharge capacity when the current density was returned to 0.25 C was ∼253 mAh g −1 , which was only marginally lower than the value before the discharge rate 
Conclusion.
In summary, we have developed a general and facile approach involving in-situ self-sacrificial templates to synthesize an extensive series of lithium-excess manganese oxide micro-/nanostructures with hollow interiors. These cathode materials for LIBs exhibit high specific capacity, long cycling life, and good rate capability, highlighting the advantages of hollow micro-/nanostructures for high performance. More importantly, it is anticipated that the present in-situ self-sacrificial template route will be extended to the design of other micro-/nanostructures with well-defined hollow interiors for broad applications in energy storage/conversion systems. 
